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Summary
Objective: Prevalence and clinical relevance of patellofemoral (PF) osteoarthritis (OA) after anterior cruciate ligament (ACL) injury.
Method: Prospectively we studied 94 out of 100 consecutive patients 15 years after acute ACL injury. ACL reconstructions were only per-
formed late if recurrent ‘‘give way’’ persisted or a secondary meniscal injury suitable for repair occurred. The subjects, mean age 42 years,
had knee radiographs including skyline PF view taken, which were graded according to the atlas of the Osteoarthritis Research Society In-
ternational. Knee-related symptoms and function were assessed by questionnaires.
Results: PF OA was present in 12/75 knees (16%). Of 94 patients 22 (23%) have had their ACL reconstructed during follow-up. Meniscal
injury and ACL reconstruction had occurred more often in knees with PF OA than in knees without PF OA (P¼ 0.004 and P¼ 0.002, respec-
tively). Seven of 15 ACL reconstructed knees showed radiographic PF OA at follow-up. Knees with PF OA had more extension and ﬂexion
deﬁcit than knees without PF OA. Subjects with PF OA maintained a higher activity level from injury to follow-up, but did not differ signiﬁcantly
from those without PF OA regarding patient-relevant symptoms and knee function. However, there was a trend for worse outcome in subjects
with PF OA.
Conclusion: We found a relatively low prevalence of mild PF OA after ACL injury treated non-operatively, and it had limited impact on knee
symptoms and patient-relevant knee function. At follow-up PF OA was associated with higher activity level, meniscal injury, extension and
ﬂexion deﬁcit, and ACL reconstruction.
ª 2008 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Anterior cruciate ligament (ACL) injury is a well-recognized
risk factor for developing knee osteoarthritis (OA) with de-
generative radiographic changes in 16e90% of subjects
5e15 years after the injury1e12. So far, post-traumatic OA
studies have commonly reported radiographic changes in
the tibiofemoral (TF) compartments or as a combination of
TF and patellofemoral (PF) OA. However, 7e15 years after
ACL reconstruction, the prevalence of PF OA is reported to
be 40e75%, and PF OA seems to be particularly common
after ACL reconstructions when a boneepatellar tendo-
nebone graft is used4,13e15. ACL injuries are also com-
monly associated with meniscus injuries1,8,16,17.
Meniscectomy might be the most important risk factor for
developing TF OA, after an ACL injury1,18. However, menis-
cectomy as a risk factor for PF OA is less well investigated,
although a report has demonstrated an increased risk for
this entity as well19. Furthermore, the relationship between
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284extension loss that commonly occurs after ACL reconstruc-
tion, is not well known20e23.
The objective of the present study was to examine the oc-
currence of PF OA and its relation to knee symptoms and
knee function in a prospectively followed ACL injured cohort
primarily treated non-operatively but with early neuromus-
cular rehabilitation and activity modiﬁcation24. We used
standardized radiographic procedures and validated pa-
tient-relevant outcome measures to examine outcome 15
years after the injury.Patients and methodsPATIENTSOne hundred patients with an acute ACL injury were consecutively re-
cruited from the Department of Orthopedics, Lund University Hospital,
between February 1985 and April 1989 for a randomized trial of supervised
physiotherapy vs self-monitored training. All included subjects had a diag-
nostic arthroscopy performed within 10 days after the injury. Meniscus
resection was performed if necessary and the presence of a complete rup-
ture of the ACL was conﬁrmed with a probe. Both short-term and long-term
follow-ups were planned for this cohort of subjects primarily treated without
surgical reconstruction of the ACL. Follow-ups were performed at 6 weeks,
3 months, 6 months, 1 year, 3 years, and 15 years after the ACL injury.
The design of the study, as well as exclusion criteria, associated injuries
detected at arthroscopy, and loss to follow-up analysis, have been
previously reported24. Patient management followed a speciﬁc treatment
Table I
Treatment algorithm
1. Patients in whom an ACL injury could be ruled out, such as patellar dislocations and knee contusions, were treated according to
diagnosis.
2. Patients with ACL injury where excluded if:
- Previous signiﬁcant injury to the lower extremities,
- Radiographic skeletal lesions,
- Age <15 or >45 years,
- Psycho-social disorders,
- Tegner activity level 10 and not willing to decrease their activity level (n¼ 5) or
- An explicit wish to have a primary ligament reconstruction (n¼ 3).
3. All other patients with a complete tear of the ACL irrespective of associated injuries and activity level were included in the study. A non-
operative treatment was advocated and patients in doubt were actively encouraged and persuaded.
4. Knees were tested for laxity and arthroscopic evaluation was performed within 10 days after injury and concomitant injuries were treated
appropriately.
5. All included patients were informed about the consequences of an ACL injury and were discouraged from continuing contact sports, es-
pecially soccer, basket and team handball.
6. All patients underwent immediate knee rehabilitation by a knee specialized physiotherapist, which have been detailed before50. The level
of training progression and activity was guided by the patient’s neuromuscular function.
7. Late reconstructions were performed in patients with an unacceptable knee function with frequent give-way, unacceptable activity level,
or a re-injury resulting in a symptomatic reparable meniscal lesion. Reconstructions were regarded failures in the ﬁrst aim of the study i.e.,
an acceptable knee function after a non-operative treatment, but remained in the study population with respect to the second aim i.e., to
prevent degenerative derangement of the joint.
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baseline radiographs. Descriptions of activity causing knee injury and
knee structures injured at baseline have been reported before1. Brieﬂy,
60 of 100 patients had a coexisting meniscal tear at baseline. Among
these 60 subjects, 35 had a minor meniscal tear that was left in situ and
25 had a partial meniscectomy performed. The total risk of a secondary
meniscectomy for all 100 patients over 15 years was 31% with no differ-
ence between patients having no meniscal tear, a minor tear left in situ,
or a meniscectomy at baseline arthroscopy. The cumulative number of
meniscectomies at the 15-year follow-up was 48%.REHABILITATIONA non-operative treatment was advocated and patients in doubt were
actively encouraged and persuaded. Immediately after arthroscopy,
patients were randomized to either neuromuscular training supervised
by a physical therapist specialized in training of knee injured patients
or self-monitored training. The aim of both training methods was to
regain joint mobility and improve neuromuscular function to obtain
compensatory functional stability without knee swelling or new give-
way episodes24.
In neuromuscular function we imply the complex interaction between sen-
sory and motor pathways. Defective neuromuscular function, leading to de-
creased strength and functional performance, alterations in movement and
muscle activation patterns, proprioceptive deﬁciencies, and impaired pos-
tural control, is commonly seen after an ACL injury, and all these aspects
were taken into account during the rehabilitation26.
To obtain compensatory functional stability, the training was based on the
closed kinetic chains principle, focusing on postural function of weight-bear-
ing muscles. At the 6-week follow-up, 49% of the patients in the self-moni-
tored training group were referred to the neuromuscular supervised
training group because of restricted joint mobility or considerable muscle at-
rophy. As an effect, the majority of the patients underwent neuromuscular su-
pervised training, comprising two 1-hour sessions weekly for 5e8 months24.
As the patients’ compensatory functional stability gradually improved,
they were allowed to increase their activity level. To lower the risk of second-
ary knee injuries all patients were encouraged to avoid contact sports as
soccer and team handball. The indication for performing a late ACL recon-
struction is given in Table I. All ACL reconstructions (n¼ 22) were performed
using mini-arthrotomy technique with a medial parapatellar incision and an
isometrically placed ipsilateral boneepatellar tendonebone graft at a mean
of 4 years after the injury (range 4 monthse11 years). Graft rupture or failure
occurred in one patient who was reconstructed 4 years and re-reconstructed
14 years after the initial ACL injury and remained in the study.
Mean time (SD) to follow-up was 15.7 (1.4) years. All 100 subjects were
invited to participate in the follow-up that included knee radiographs, self-re-
ported questionnaires, and clinical knee examination. The internal reviewboard approved the study and written informed consent was obtained from
all study participants.RADIOGRAPHYSkyline view of the PF joint was obtained with a vertical beam with the sub-
ject standing with the knee in approximately 50 of ﬂexion using a General
Electric Prestige 2 on a tilt table. The procedure for TF ﬁlms has been previ-
ously reported1. The radiographs were all independently read within a period
of 2 days by two observers (PN and ME) blinded to clinical details with adju-
dication of all discrepancies. The presence of medial or lateral marginal osteo-
phytes and medial or lateral joint space narrowing (JSN) in the PF joint were
graded on the patella axial images on a 4-point scale (range 0e3, 0¼ no
evidence of JSN or bony change) according to the atlas from Osteoarthritis
Research Society International27. Radiographic PF OA was considered pres-
ent if any of the following criteria was fulﬁlled: JSN of grade 2 or higher in either
the medial or lateral compartment, sum of marginal osteophyte grades 2, or
grade 1 JSN in combination with a grade 1 marginal osteophyte.SELF-REPORTED QUESTIONNAIRESThe Tegner score (0e10) was used to assess the individual’s activity level.
Grade 10 represents high demanding knee-activities like professional soccer
or American football and 0 represents sick-leave or disability pension. Grade 4
represents non-competitive activities like jogging, bicycling and cross-country
skiing28. The level of sporting activity was also assessed according to the
International Knee Documentation Committee (IKDC) form levels 1 through
5. The IKDC Subjective Knee Evaluation Form29 and patient administered
Lysholm score30 were used to further document subjective knee symptoms.
In the Lysholm score the highest obtainable score is 100. If the patient has
impaired knee function with locking, instability, pain, swelling, limp, walking
aid, decreased ability to climb stairs and squat, the score is less than 100.
To evaluate patient relevant knee speciﬁc outcome we used the Knee In-
jury and Osteoarthritis Outcome Score (KOOS Swedish version LK 1.09)
which is valid, reliable, and responsive in follow-up of ACL injury and ACL
reconstruction31. KOOS comprises ﬁve subscales (0e100, 100 representing
best result): pain, symptoms, activity of daily living (ADL), sports and recre-
ation function (sport/rec), and knee-related quality of life (QOL)32. A symp-
tomatic knee was deﬁned according to Englund et al. based on the
patient’s self-reporting from the KOOS questionnaire. Because no agreed
upon cutoff exists with regard to the deﬁnition of a symptomatic knee, they
created a deﬁnition based on the patient’s self-report from the KOOS ques-
tionnaire and consensus among the authors. This operational deﬁnition
aimed at identifying individuals symptomatic enough to possibly seek medi-
cal care33. A decrease in the subscale sport/rec was expected since an
avoidance of contact sports was prescribed in the treatment algorithm.
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motion of the index and the contralateral knee was measured with a goniom-
eter. Extension and ﬂexion deﬁcits were determined as the loss of extension
or ﬂexion in the ACL injured index knee in comparison to the passively
maximally extended or ﬂexed posture of the contralateral uninjured limb.
Six subjects with bilateral ACL injury were excluded from this comparison.
The one-leg hop test for distance with the arms free was recorded. The
test has been described in detail previously34. Each patient was asked to
perform the single-legged hop for distance as far as possible, with taking
of and landing on the same foot. Three trials for each leg were recorded
and averaged.STATISTICAL ANALYSISP-values for binary data in contingency tables were calculated with Fish-
er’s exact test and P-values for continuous data by ManneWhitney test or t
test as appropriate. Any multivariate modeling of multiple risk factors was not
suitable due to low incidence of radiographic OA and low sample size. All
tests were 2-paired and P 0.05 was considered statistically signiﬁcant.
The statistical analysis was performed with SPSS for Windows 14.0 software
package (SPSS Inc., Chicago, IL, USA).Results
Characteristics of the study sample are given in Table II.
Ninety-three patients completed the KOOS questionnaire,
84 the Lysholm score, 84 the Tegne´r score and 75 con-
sented to a full radiographic examination including the PF
joint. The mean time (SD) to follow-up was 15.7 (1.4) years.
Patients who were lost to follow-up (n¼ 6), or did not con-
sent to radiographic examination (n¼ 19) did not differ
from the rest with regard to age, sex, baseline physical ac-
tivity level, frequency of meniscal injury at baseline, or
mechanism of knee injury.RADIOGRAPHIC OAPF OA was present in 12 (eight men) of 75 (16%) radio-
graphed knees, whereof seven had coexistent TF OA,
Fig. 1. Mean age in subjects with and without PF OA was
45 and 41 years, respectively (P¼ 0.19). Time from injury
to radiography did not differ between subjects with or with-
out PF OA (15.9 and 15.6 years, respectively). None of the
radiographed PF joints had JSN but marginal osteophytes
of grade 1 or 2 were present and were evenly distributed
between the lateral and medial side (Table III).ACL RECONSTRUCTIONAt follow-up, 22 patients (14 men) were ACL recon-
structed according to the treatment algorithm (Table I). In
the ACL reconstructed group, PF OA was present in seven
of 15 knees (15 out of 22 ACL reconstructed available andTable I
Characteristics of the
Characteristic Index injury (n¼ 100)
Age, mean (SD) years [range] 26 (8) [15e43]
Women, number (%) 42 (42)
Body weight, mean (SD) kg 72 (14)
Body height, mean (SD) cm 176 (9)
Body mass index, mean (SD) kg/m2 23
Occupational load, median Light labor
Tegne´r score, median [range] 7
Lysholm score, mean (SD) [range] e
*The only statistical signiﬁcant difference in this table between patientconsented to radiography). The corresponding numbers for
non-reconstructed knees were ﬁve of 60 (P¼ 0.002), Fig. 1.MENISCAL INJURYIn subjects that were meniscectomized at follow-up, 10 of
33 had PF OA compared with two of 42 subjects not menis-
cectomized (P¼ 0.004), Fig. 1. A major meniscal lesion
was deﬁned by a tear in the substance which required exci-
sion or suturing.
According to the deﬁnition, at baseline there was no differ-
ence in the frequency of major meniscal lesions between pa-
tients who were later ACL reconstructed and not ACL
reconstructed (four of 22 vs19 of 72 subjects, P¼ 0.57).
However, patients with no major meniscal lesion at baseline,
who were ACL reconstructed during follow-up had sustained
more secondary major meniscal lesions than not ACL recon-
structed subjects (14 of 18 vs seven of 53, P< 0.0001).SYMPTOMSThe mean KOOS scores for subjects with PF OA were
not statistically different from scores in subjects without
PF OA, but with a trend for a lower score in most subscales
in subjects with PF OA (Fig. 2). If a symptomatic knee was
deﬁned based on the KOOS questionnaire, the differences
between knees with and without PF OA were more appar-
ent, but still not statistically signiﬁcant (Fig. 3). In subjects
without PF OA the Lysholm score was mean (SD) 85 (17)
compared with 84 (17) in subjects with PF OA at follow-
up (P¼ 0.82). The Lysholm score was similar in patients
without and with ACL reconstruction, mean (SD) 86 (16)
compared with 82 (19) (P¼ 0.73).ACTIVITY LEVELThe median (range) Tegner activity score in subjects de-
creased from 7 (3e9) at index injury to 5 (4e7) and 4 (0e7)
in patients with or without PF OA, respectively (P¼ 0.003).
At index injury, 92 of 100 subjects participated on a regular
basis in activities like soccer, handball, tennis, and skiing
(the two highest levels of activity in the IKDC Subjective
Knee Evaluation Form) compared with 44 of 79 (56%) sub-
jects at follow-up. In subjects still participating in the two
highest activity levels at follow-up nine of 37 had PF OA
compared with two of 30 if the activity level were lower at
follow-up (P¼ 0.09). The median Tegner activity score at in-
dex injury was 7 in both ACL reconstructed and not recon-
structed patients1,25. At follow-up there was a trend for
a higher Tegner activity score in ACL reconstructed (4.5)
compared with not reconstructed patients (3.7), P¼ 0.085.I
study sample
Follow-up no PF OA (n¼ 63) Follow-up PF OA (n¼ 12)
41 (7) [30e58] 45 (9) [35e60]
24 (38) 4 (33)
83 (18) 84 (12)
177 (9) 176 (5)
26 (4) 27 (4)
Light labor Light labor
4 [0e7]* 5 [4e7]*
85 (17) [32e100] 84 (17) [50e100]
s without or with PF OA was in the Tegne´r score (P¼ 0.003).
0 20 40 60 80 100
not ACL rec. without meniscal injury (1 of 38)
not ACL rec. with meniscal injury (4 of 22)
ACL rec. without meniscal injury (1 of 4)
ACL rec. with meniscal injury (6 of 11)
without meniscal injury (2 of 42)
with meniscal injury (10 of 33)
not ACL rec. (5 of 60)
ACL rec. (7 of 15)
All radiographed (12 of 75)
PF OA No PF OASample (number with PF OA)
Fig. 1. The fraction with PF OA after ACL injury in different study subgroups. A major meniscal injury was deﬁned by a tear which required
excision or suturing. Only cases with a major meniscal injury are included in the ﬁgure. Eight patients had at least one lateral or medial me-
niscal injury treated with sutures during follow-up. Seven of these knees were also ACL reconstructed, whereof only two knees remained with-
out having any meniscectomy in the same or contralateral compartment during follow-up. None of these two knees had PF OA.
287Osteoarthritis and Cartilage Vol. 17, No. 3RANGE OF MOTIONThe mean (SD) degree of extension deﬁcit was 4.8 (4.1)
in knees with PF OA and 0.8 (3.6) in knees without PF OA
(P¼ 0.002). In subjects with PF OA six of 11 had an exten-
sion deﬁcit 6e11 compared with ﬁve of 55 subjects without
PF OA (P¼ 0.002) (Fig. 4). The mean (SD) degree of flex-
ion deﬁcit was 9.6 (7.0) in knees with PF OA and 1.5 (4.6) in
knees without PF OA (P< 0.0001) (Fig. 5).ONE-LEG HOP TEST FOR DISTANCEThe average distance on the injured leg for all subjects
was mean (SD) 145 (35) cm. In patients with and without
PF OA the average distance in cm was mean (SD) 137
(35) and 146 (33), respectively (P¼ 0.38).60
80
100Discussion
Recently, using this prospective cohort, we reported
a prevalence of radiographic TF OA of 16%, 15 years after
the ACL injury1 which is substantially lower than previouslyTable III
The distribution of osteophytes in the PF joint 15 years after ACL
injury. Osteophytes graded according to the atlas from Osteoarthri-
tis Research Society International27. No JSN was found in any knee
N
PF OA (n¼ 12)
Grade 1 osteophytes on both the medial and lateral side 9
Grade 2 osteophyte on the medial side 2
Grade 2 osteophyte on the lateral side 1
No PF OA (n¼ 63)
No osteophytes 48
Grade 1 osteophyte on the medial side 7
Grade 1 osteophyte on the lateral side 8
Total No.* 75
*Twenty-ﬁve subjects were lost to follow-up, did not consent to
radiographic examination, or only the TF joint was radiographed.shown2. We suggested that the reduced OA frequency was
due to the treatment algorithm, speciﬁcally the neuromuscu-
lar rehabilitation and low number of meniscectomies. Ana-
lyzing the PF joint in this cohort of ACL deﬁcient
individuals similarly showed a lower PF OA frequency
(16%) compared to previous reports and we had no subject
with JSN4,13e15. Together these two studies give a preva-
lence of knee OA (TF OA and/or PF OA) of 24%. Although
the number of study subjects and the non-randomized de-
sign with respect to ACL reconstruction warrants caution
in interpretation, ACL reconstruction, knee joint extension/
ﬂexion deﬁcit, meniscal injury, and high activity level seem
to be associated with PF OA. Also, although the patient rel-
evant outcome tended to be worse in patients with PF OA,Pain symptoms ADL Sport/Rec. QOL
0
20
40
Fig. 2. The KOOS mean score proﬁle for the ACL injured study
sample with PF OA -C- (n ¼ 12), without PF OA - - (n ¼ 63)
and a random population-based reference group of individuals,
35e54 years -B- (n¼ 158, 51% women)50. No signiﬁcant differ-
ence was detected between knees with or without PF OA in any
of the ﬁve subscales. The only signiﬁcant difference between knees
with or without PF OA compared with the population-based
reference group was in ADL, P¼ 0.02 (knees without PF OA vs
reference group).
Non ACL reconstructed, n=60
PF OA & symptomatic
PF OA & not symptomatic
No PF OA & symptomatic
No PF OA & not symptomatic
ACL reconstructed, n=15
26.6
26.626.6
20
65
27
5
3
Fig. 3. Outcome of PF OA and the KOOS, symptomatic or not, in
non-ACL reconstructed and in ACL reconstructed knees. For deﬁ-
nition of symptomatic according to KOOS see Methods.
0
20
40
60
80
100
Total, n=66 No PF OA,
n=55
PF OA, n=11
6–11 degrees
3–5 degrees
<3 degrees
*, P=0.0002
*
*
Fig. 5. Percentage of patients with loss of flexion according to PF
OA status at 15 years follow-up. *P¼ 0.0002.
288 P. Neuman et al.: Patellofemoral OA after ACL injurythese outcomes were not substantially affected. Similarly,
ACL reconstruction, meniscal injury and knee joint exten-
sion/ﬂexion deﬁcit were associated with TF OA1. However,
higher activity level was only associated with PF OA and not
TF OA in these subjects.
Importantly, all the mentioned factors found to be asso-
ciated with PF OA in this study are inter-related since it
was prescribed in the treatment algorithm that late ACL re-
construction would only to be performed if the neuromus-
cular rehabilitation together with a lowered activity level
was not enough to avoid further injuries (meniscal injury
in particular). ACL reconstructed subjects could be ex-
pected to have had a wish to maintain a high activity level
and thereby at higher risk of sustaining meniscal injuries
leading to ACL reconstruction (all according to the treat-
ment algorithm).
Notably, all reconstructions were made with an ipsilateral
boneepatellar tendonebone graft without accelerated post-
operative knee rehabilitation, which is a known risk factor
for post-operative PF symptoms23,35. This may be an impor-
tant risk factor for the observed extension deﬁcit and PF OA
in this study13,36. Using the same operating technique as in
the present study, Muellner et al. have shown that the pa-
tella migrates slightly medial and inferior 1 year post-0
20
40
60
80
100
Total, n=66 No PF OA,
n=55
PF OA, n=11
6–11 degrees
3–5 degrees
<3 degrees
*, P=0.002
§*
*
Fig. 4. Percentage of patients with loss of extension according to
PF OA status at 15 years follow-up. *P¼ 0.002.operative, probably because of shrinkage and scar forma-
tions that change the PF alignment15,37,38. Altered loading
patterns act on the PF joint after an experimental ACL exci-
sion (decreased pressure and contact area) which is nor-
malized after an experimental ACL reconstruction39.
However, even if the sagital instability is restored after an
ACL reconstruction there is much evidence that excessive
tibial rotation still persists during activities that are more de-
manding than walking40. Today a more horizontally placed
graft or a double-bundle ACL reconstruction is proposed
to limit the excessive tibial rotation and thus theoretically
also slow down the development of OA, which still needs
to be proven. One might also hypothesize that the PF joint
is under a constant increased pressure if an extension def-
icit is present. Altered loading patterns may also act on the
PF joint later on, due to malalignment caused by more ad-
vanced unicompartmental TF OA, due to meniscal injury41.
Subsequent PF OA development and anterior knee pain
might thus be the result of PF imbalance after both ACL in-
jury and ACL reconstruction42,43. It has also been shown
that female subjects at increased risk for an ACL injury
demonstrate decreased neuromuscular control and in-
creased valgus knee joint loading44, which theoretically,
would make the PF joint more vulnerable to malalignment,
PF injuries and subsequent OA. Moreover, the develop-
ment of degenerative changes in the knee joint has not
been alleviated by the advent of endoscopic techniques,
according to Salmon et al.45.
However, there are several other possible explanations to
PF OA development in the ACL injured knee. Activation of
cytokine and protease cascades primarily in the TF joint
may act locally on all joint surfaces and compartments, or
even systematically46. Combined PF and TF OA is common
after meniscectomy without ACL injury19. An interaction be-
tween local joint factors and a genetic predisposition to OA
is likely47. Early clinical signs of degenerative disease after
ACL injury and ACL reconstruction are PF pain, quadriceps
weakness, and extension loss. However, despite radio-
graphic PF OA (albeit mild) and impaired range of motion
the self-reported outcome remained relatively good. This
is in accordance with studies on knee OA showing a rela-
tively weak correlation between radiographic ﬁndings and
subjects’ knee symptoms and function48,49. Also, at fol-
low-up, subjects maintained a higher activity level despite
having PF OA. This observation highlights the importance
of even longer follow-ups to assess when PF OA will
more severely affect symptoms and activity level.
289Osteoarthritis and Cartilage Vol. 17, No. 3In this prospective study, subjects have been well char-
acterized, we had a consistent long-term follow-up with
a very low drop-out frequency, and we used validated out-
come measures and axial PF radiographs. Overall, the
treatment algorithm yielded a satisfactory knee function
with a high degree of patient satisfaction and a fairly low
prevalence of PF OA, except in ACL reconstructed knees
where seven out of 15 subjects developed this entity. One
limitation of the study is that it was not powered to identify
risk factors for OA development or subgroup analyses. Ab-
sence of statistically signiﬁcant differences may be due to
type II error, thus interpretation of negative ﬁndings must
be made cautiously. Also, our exclusion criteria may
have biased our results into ﬁnding lower OA prevalence,
as sports participation at professional level may be a char-
acteristic of high risk patients. However, we ﬁnd it unlikely
that this may fully explain the low OA prevalence
observed.
In conclusion, the prevalence of PF OA is as low as the
prevalence of TF OA after ACL injury in subjects treated
without early ACL reconstruction according to our treatment
algorithm. The lowest prevalence of PF OA was observed
among them who managed to cope with their injury without
an ACL reconstruction during follow-up. At 15-year follow-
up, PF OA seems to be associated with; a high physical
activity level, extension/ﬂexion deﬁcit of the knee, meniscal
injury, and ACL reconstruction. However, PF OA and a slight
loss of range of motion in the knee, at least up to 15 years
after ACL injury, were only marginally associated with
worse patient relevant outcome.
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